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INTRODUCTION 

The  demand  for  greater  quantities  of  organic  acids,   such  as  citric,  fumaric 
gluconic,  and  lactic,   for  the  preparation  of  foods,  plastics,  or  pharmaceuticals,  and 
the  resultant  need  for  added  knowledge  of  their  production  are  continually  increasing. 
The  fermentative  production  of  these  acids  has  been  studied  for  a  number  of  years  by 
workers  in  the  United  States  Department  of  Agriculture  and  is  now  fairly  well  perfected. 
In  addition  to  this  work,  new  acids  are  being  discovered  and  produced  in  quantity. 
Their  total  potentialities  have  hardly  been  revealed;  but  continued  research  would 
appear  to  assure  uses  for  2-  and  5-ketogluconic,  Ot-ketoglutaric,  malto-  and  lacto- 
bionic,  kojic,  and  itaconic  acids.    The  last-named  acid,   for  example,  is  already  becom- 
ing a  valuable  asset  in  the  field  of  plastics. 

This  bibliography  is  a  compilation  of  technical  publications  and  patents  on  the 
fermentative  production  of  organic  acids  by  workers  in  the  Department  of  Agriculture. 
The  agencies  responsible  for  the  work  herein  are  known  under  the  following  current 
designations:  Bureau  of  Agricultural  and  Industrial  Chemistry,  60  items;  Bureau  of 
Dairy  Industry,   16  items;  and  the  Bureau  of  Plant  Industry,  Soils,  and  Agricultural 


Chemist,   Fe  rme  n  t  a  i  i  on  Division,   Northern  Regional  Research  Laboratory. 


One  of  the  laboratories  of  the  Bureau  of  Agricultural  and  Industrial  Chemistry, 
Agricultural   Research  Administration,   U.S.   Department   of  Agriculture. 
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Engineering  and  the  Production  and  Marketing  Administration,  1  item  each,    Ihe  references 
supplement  a  chapter  entitled,  "Fermentation  Acids  in  Industry,"  written  by  Frank  H. 
Stodola  and  Richard  W.  Jackson  for  the  1950-51  Yearbook  of  Agriculture.    Together,  these 
publications  summarize  one  aspect  of  the  Department's  work,  namely,   the  fermentative  pro- 
duction of  organic  acids. 

CITRIC  ACID 

Currie,  J.  N. 

THE  CITRIC  ACID  FERMENTATION  OF  ASPERGI LLUS  NIGER. 
Jour.   Biol.   Chem.  31:   15-37=  1917. 

Porges,  N. 

CITRIC  ACID  PRODUCTION   BY  ASPERGI LLUS  NIGER. 
Amei-o   Jour,    Bot.    19:   559-567.  1932. 

Thorn,  C,  and  Currie,  J.  N. 

ASPERGI LLUS  N I GER  GROUP. 

Jour.  Agr.  Res.  7:  1-15.  1916. 

von  Loesecke,  H.  W. 

A  REVIEW  OF   INFORMATION  ON  MYC0L0G I CAL  CITRIC  ACID  PRODUCTION. 
Chem.   and  Engib.   News.   23:   1952-1959.  1945- 

Wells,  P.  A.,  and  Herrick,  H.  T. 

THE  CITRIC  ACID  INDUSTRY. 

Iftdus.  and  Engin.   Chem.  30:   255-262.  1938. 

Wells,  P. A.,  Moyer,  A.  J.,   and  May,  0.  E. 

THE  CHEMISTRY  OF  THE  CITRIC  ACID  FERMENTATION.      I.     THE  CARBON  BALANCE. 
Jour.   Amer.  Chem.  Soc.  58:  555-558.  1936. 

LACTIC  ACID 

Filachione,  E.  M. ,  and  Fisher,  C.  H 

PURIFICATION  OF  LACTIC  ACID. 

U.   S.   2,420,234.     U.  S.   Patent  Office  Off.  Gaz.  598:   138.  1947. 
Lockwood,  L.  B. 

RHI ZOPUS  ORYZAE:     SPORE  GERMINATION,    EARLY  GROWTH ,    AND  FERMENTATION. 
Rpt.  of  proc.  3d.   Interntl.  Cong.  Microbiol,  p.  229.  1940, 

 Ward,  G.  E.,   and  May,  0,  E. 

THE  PHYSIOLOGY  OF  RH I ZOPUS  ORYZAE. 
Jour.   Agr.   Res.   53:   849-857.  1936. 

Cordon,  T.  C.  ,  Treadway.  R   H.  ,  Walsh,  M.  D.  ,  a>       soome,  M.  F. 
LACTIC  ACID   FROM  POTATOES. 

1  ndus.  and  Engin.   Chem.   U2:   1833-3e36.  .1950. 
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Rogers,  L.  A. ,  and  Whittier,  E.  0. 

LIMITING  FACTORS   IN  LACTIC  FERMENTATION. 
Jour,    Bact.    16:    211-229.  1928. 

Rogers,  L„  A„ ,  and  Whittier,  E.  0 

THE  GROWTH  OF  BACTERIA   IN  A  CONTINUOUS  FLOW  OF  BROTH. 
Jour.   Bact.    20:    127-137.  1930. 

Rogers,  L.  A.,  and  Whittier,  E.  0. 

THE  CONTINUOUS  LACTIC  ACID  FERMENTATION  OF  WHEY. 
Jour.   Bact.   21:  37.  1931. 

Rogers,  L„  A.,  and  Whittier,  E.  0. 

THE  COMMERCIAL  FERMENTATION  OF  LACTOSE   IN  WHEY  TO  LACTIC  ACID. 
Jour.   Bact.  39:  88-89.  1940. 

Sherman,  J.  M ,   and  Hodge,  H.  M. 

RATE  OF  GROWTH   AND  ACID  PRODUCTION  OF  STREPTOCOCCUS  LACTIS. 
Jour.  Dairy  sc i .  17:  497-500.  1934. 

Ward,  G,  E. ,  Lockwood,  L.  R  ,  and  May,  0.  E. 

FERMENTATION   PROCESS  FOR  THE  MANUFACTURE  OF  DEXTRO-LACT I C  ACID. 
U.   S.   2,132,712.     U.   S.  Patent  Office  Off.  Gaz.   495:  332-  1938. 

Ward,  G.  E . ,  Lockwood,  L.  R. ,  May,  0.  E. ,  and  Herri ck,  H.  T. 

BIOCHEMICAL  STUDIES  IN  THE  GENUS  RH I ZOPUS.  I.  THE  PRODUCTION  OF  DEXTRO-LACT I C  ACID. 
Jour.   Amer.   Chem.   Soc.   58:    1286-1288.  1936- 

Ward,  G.  E. ,  Lockwood,  L.  R. ,  Tabenkin,  R. ,   and  Wells,  P.  A. 

RAPID  FERMENTATION  PROCESS  FOR  DEXTRO-LACT I C  ACID. 
Indus,  and  Engin.   Chem.  30:   1233-1235.  1938. 

Ward,  G„  E. ,  and  Tabenkin,  R. 

METHOD  FOR  THE  PURIFICATION  OF  LACTIC  ACID. 

U.   S.   2,331,948.     U.   S.   Patent  Office  Off.   Gaz.  555:  401.  1943. 

Whittier,  E.  0.,  and  Rogers,  L.  A. 

CONTINUOUS  FERMENTATION    IN  THE  PRODUCTION  OF  LACTIC  ACID. 
Indus,  and  Engin.  chem.   23:   532-534.  1931. 

GLUCONIC  AND  KETOGLUCOM I C  ACIDS 

Alsberg,  C,  L. 

THE   FORMATION  OF   D-GLUCONIC  ACID  BY  BACTER I UM  SAVASTANO I  SMITH. 
Jour.   Biol.   Chem.   9:   1-7.  1911. 
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Gastrocks  E.  A„ ,  Porges,  N«,  Wells,  P.  A.,  and  Moyer,  A.  J. 

GLUCONIC  ACID  PRODUCTION  ON   PILOT-PLANT  SCALE.     EFFECT  OF  VARIABLES  ON   PRODUCTION  BY 
SUBMERGED  MOLD  GROWTHS. 

Indus-  and  Engin.   Chem.  30:   782-789.  1938. 

Herrick,  H.  T«  Hellbach,  R. ,  and  May,  0.  E. 

APPARATUS  FOR  THE  APPLICATION  OF  SUBMERGED  MOLD  FERMENTATIONS  UNDER  PRESSURE- 

Indus,  and  Engine   Chem=   27:   681-683.  1935= 

Herrick;  H    T.     and  May.  0.  E. 

THE  PRODUCT  ION  OF  GLUCON  I  C  AC  I  D  BY  THE  PEN  I  C  I  LL  I  UM  LUTEUM-PU  RPU  ROGE  N  UM  GROUP.  II.  SOME 
OPTIMAL  CONDITIONS  FOR  ACID  FORMATION. 
Jour,    Biol.   Chem,,   77:    185-195.     1928  = 

Herrick,  H.  TV,   and  May,  0,  E. 

PROCESS  FOR  THE  MANUFACTURE  OF  GLUCONIC  ACID. 

U.    S.   1,726, 067o     U»   S.   Patent  Office  Off.  Gaz.   385:   896.  1929. 

Lockwood    L.  Bo 

5-KET0GLUC0N I C  ACID,    POTENTIAL  SOURCE  OF  TARTARIC  ACID. 
Manufacturing  Confectioner  22:   12-13.  1942. 

  Tabenkin,  B. ,  and  Ward,  G.  E. 

THE  PRODUCTION  OF  GLUCONIC  SC ID  AND  2-KETOGLUCON I C  ACID  FROM  GLUCOSE  BY  SPECIES  OF 
PSEUDOMONAS  AND  PH YTOMONAS. 
Jour.    Bact.    42:    51-61.  1941. 

  Ward,  G.  E. ,  Stubbs,  J.  J.,  Roe,  E.  T. ,  and  Tabenkin,  B. 

FERMENTATION   PROCESS  FOR  THE  PRODUCTION  OF  2-KETOGLUCON I C  ACID. 

U.   S.    2.277,716.     U.   S.   Patent  Office  Off.   Gaz.   536:  977.  1942. 

May,  0.  E„,  Herrick,  H.  T. ,  Moyer,  A.  J.,  and  Hellbach,  R„ 

SEMI-PLANT  SCALE  PRODUCTION  OF  GLUCONIC  ACID  BY  MOLD  FERMENTATION. 
Indus,  and  Engin.   Chem.   21:   1198-1203.  1929. 

May,  0.  E.,  Herrick,  H.  T. ,  Moyer,  A.  J.,  and  Wells,  P.  A. 

GLUCONIC   ACID.     PRODUCTION  OF  SUBMERGED  MOLD  GROWTHS  UNDER   INCREASED  AIR  PRESSURE. 
Indus,   and  Engin.   Chem.    26:    575-578.  1934. 

May;  0.  E.  ,  Herrick.  H.         Moyer,  A.  J.,  and  Wells,  P.  A. 

METHOD  OF  CARRYING  OUT  OXIDATIVE  FERMENTATIONS  BY  MOLDS  OR  FUNGI. 
U.   S.    2,006,086.     U.    S.   Patent  Office  Off.   Gaz.   455:   873-  1935. 

May,  0.  E.?  Herrick,  H    T. ,  Thorn,  C. ,  and  Church,  M.  B. 

THE  PRODUCTION  OF  GLUCONIC  ACID  BY  THE  PEN  I C I LL I UM  LUTEUM-PURPUROGENUM  GROUP.  I. 

Jour,    Biol.    Chem,    75:    417-422.  1927. 
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May,  0.  E. ,  Weisberg,  S.  M,»  and  Her  rick,  H.  T. 

SOME  PHYSICAL  CONSTANTS  OF  D-GLUCONIC  ACID  AND  SEVERAL  OF   ITS  SALTS. 
Wash.   Acado   ScL   Jour,,   19:   443-447,  1929. 

Moyer,  A.  J. 

PROCESS  FOR  GLUCONIC  ACID  PRODUCTION. 

U.    S.   2.351,500-     U.    S.   Patent  Office  Off.   Gaz.   563:  357.  1944. 

Moyer,  A.  J.s  May.  0.  E, ,  and  Herri ck,  H.  T. 

THE  PRODUCTION  OF  GLUCONIC  ACID  BY   PEN  1CI LLIUM  CHRYSOGENUM. 

Zentbl   f.   Bakt.,  Parasitenk.,    I nfekt i onskrank.     Abt.    II,  95:  3  11-3  24.  1936. 

Moyer,  A„  J.,  Umberger,  E.  J.,  and  Stubbs,  J,  J.. 

FERMENTATION  OF  CONCENTRATED  SOLUTIONS  OF  GLUCOSE  TO  GLUCONIC  ACID.  IMPROVED  PROCESS. 
Indus,  and  Engin.   Chem.  32:   1379-1383.  1940. 

Moyer,  A.  J.,  Wells,  P.  A.,  Stubbs,  J.  J.,  Herrick,  H.  T.  ,   and  May,  0-  E. 

GLUCONIC  ACID  PRODUCTION.     DEVELOPMENT  OF   INOCULUM  AND  COMPOSITION  OF  FERMENTATION 
SOLUTION   FOR  GLUCONIC  AC  I D  PRODUCTION   BY  SUBMERGED  MOLD  GROWTHS  UNDER   INCREASED  AIR 
PRESSURE. 

Indus,  and  Engin.   Chem.   29:  777-781.  1937. 

Porges,  N. ,  Clark    T.  F.  ,  and  Aronovsky.  S.  I. 

GLUCONIC  ACID  PRODUCTION.     REPEATED  RECOVERY  AND  RE-USE  OF  SUBMERGED  ASPFRG I LLUS 
N  i  GER  BY  Fl LTRATI ON. 

Indus,   and  Engin.   Chem.   33:    1065-1067.  1941. 

Porges,  N.  ,  Clark,  T.  F.  and  Gas t rock,  E.  A. 

GLUCONJT  AC  FD  PRODUCTION.     REPEATED  USE  OF  SUBMERGED  ASPERGILLUS  NIGER  FOR  SEMI- 
CONTINUOUS  PRODUCTION. 

Indus,   and  Engin.   Chem.  32:    107-111.  1940. 

Porges,  N. ,  Clark,  T.  F. ,  and  Gastrock,  E.  A 

GLUCONIC  ACID  PRODUCTION  BY  ACETOBACTER   IN  THE  ABSENCE  OF  A  NEUTRALIZING  AGENT. 
Iowa  State  Col.  Jour.  Sci.   16:  451-469.  1942. 

Stubbs,  J.  J.  ,  Lockwood,  L.  B. ,  Roe,  E.  T.  Tabenkin,  B. ,  and  Ward,  G.  E. 

KETOGLUCONIC  ACIDS  FROM  GLUCOSE.     BACTERIAL  PRODUCTION. 
Indus,  and  Engin.   Chem.  32:    1626-1631.  1940, 

Stubbs,  J.  J.,  Lockwood,  L.  B. ,  Roe,  E„  T. ,  and  Ward,  G.  E. 

FERMENTATION  PROCESS  FOR  THE  PRODUCTION  OF  5-KET0GLUC0N I C  ACID. 
U.  S.   2.318.641.     U.  S.   Patent  Office  Off.  Gaz.  550:   228.  1943. 

Wells,  P.  A.,  Moyer,  A.  J.,  Stubbs,  J.  J.,  Herrick,  H.  T. ,  and  May,  0.  E. 

GLUCONIC  ACID  PRODUCTION.     EFFECT  OF  PRESSURE.    AIR  FLOW,    AND  AGITATION  ON  GLUCONIC 
ACID  PRODUCTION  BY  SUBMERGED  MOLD  GROWTHS. 
Indus,  and  Engin.   Chem.   29:   653-656.  1937. 
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ITACONIC  ACID 

Friedkin,  M„ 

DETERMINATION  OF   ITACONIC  ACID   IN   FERMENTATION  LIQUORS. 
Indus,  and  Engin.  Chem„   17:  637-639.  1945. 

Lockwood,  L.  B„ ,  and  Moyer,  A.  J. 

METHOD  FOR  PRODUCTION  OF   ITACONIC  ACID. 

U«   S.   2,462.981.     U.   S.   Patent  Office  Off,   Gaz.   620:   187.  1949. 

Lockwood,  L.  B.  and  Nelson,  G.  E„  N„ 

SOME  FACTORS  AFFECTING  THE  PRODUCTION  OF   ITACONIC  ACID  BY  ASPERG I LLUS  TERREUS 

IN   AGITATED  CULTURES. 

Arch.   Biochem.   10:  365-375.  1946. 

Lockwood,  L.  B. ,  Baper,  K.  B. ,  Moyer,  A.  J.,  and  Coghill,  B.  D. 

THE  PRODUCTION  AND  CHARACTERIZATION  OF  U LTR AV I  0  LET- I N DUCED  MUTATIONS   IN   ASPERG1 LLUS 
TERREUS.      III.     BIOCHEMICAL  CHARACTERISTICS  OF  THE  MUTATIONS. 
Amer.  Jour.   Bot,  32:   214-217.  1945. 

Lockwood,  L,  B, ,  and  Beeves,  M.  D. 

SOME  FACTORS  AFFECTING  THE  PRODUCTION  OF   ITACONIC  ACID  BY  ASPERG I LLUS  TERREUS. 
Arch.   Biochem.   6:   455-469.  1945. 

Lockwood,  L,  B. ,  and  Ward,  G„  E, 

FERMENTATION   PROCESS  FOR   ITACONIC  ACID. 
Indus,  and  Engin.  Chem.  37:  405-407.  1945. 

Moyer,  A.  J.,  and  Coghill,  B.  D. 

THE  LABORATORY— SCALE  PRODUCTION  OF   ITACONIC  ACID  BY  ASPERG I LLUS  TERREUS. 
Arch.   Biochem.   7:   167-183.  1945. 

o-KETOGLUTARIC  ACID 

Lockwood,  L„  B. ,  and  Stodolaj  F.  H. 

PRELIMINARY  STUDIES  ON  THE  PRODUCTION  OF  &-KET0GLUT AR I C  ACID  BY  PSFUDOMONAS 
FLnO'RESCENS. 

Jour.   Biol.   Chem.   164;   81-83.  1946. 

Lockwood,  L,  B„  and  Stodola,  F,  H. 

FERMENTATION   PROCESS  FOR  PRODUCTION  OF  OL-KETOGLUTAR I C  ACID. 

U.   S.   2.443,919.     U.   S.   Patent  Office  Off.   Gaz.  611:   970.  1948. 
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KOJIC  ACID 

May,  0.  E.,  Moyer,  A,  J. ,  Wells,  P.  A. ,  and  Herrick,  H.  T. 

THE  PRODUCTION  OF  KOJIC   ACID  BY  ASPERGILLUS  FLAVUS. 
Jour.   Amer.   Chem.   Soc   53:   774-782,  1931. 

May,  0.  E.  ,  Ward,  G.  E. ,  and  Herrick,  H„  T. 

THE  EFFECT  OF  ORGANIC  STIMULANTS  UPON  THE  PRODUCTION  OF  KOJIC  ACID  BY  ASPERG I LLUS 
FLAVUS. 

Zentbl.   f.   Bakto,   Parasitenk,,    I nfekt i  onskrank.     Abt.    II,   86:   129-134.     1932  = 

PENTONIC  AND  BIONIC  ACIDS 

Lockwood,  L.  B. 

METHOD  OF  PREPARING  PENTONIC  ACIDS  FROM  PENTOSES, 

U.   S.   2.463,784,     U.   S.    Patent  Office  Off.   Gaz.   620:   548.  1949. 

  and  Nelson,  G.  E>  N„ 

THE  OXIDATION  OF  PENTOSES  BY  PSEUDOMONAS. 
Jour.    Bact.   52:   581-586.  1946. 


Stcdola,  F.  H. ,  and  Lockwood;  L.  B. 

THE  OXIDATION  OF  LACTOSE  AND  MALTOSE  TO  BIONIC  ACIDS  BY  PSEUDOMONAS. 
Jour.    Biol.   Chem.   171:   213-221.  1947, 

PROPIONIC  ACID 


Sherman,  J„  M„ ,  and  Shaw,  R.  H. 

ASSOCIATIVE  BACTERIAL  ACTION  IN  THE  PROPIONIC  ACID  FERMENTATION. 
Jour.   Gen.   Physiol.  3:   657-658.  1921. 

Sherman,  J.  M. ,  and  Shaw,  R.  H. 

THE   PROPIONIC  ACID  FERMENTATION   OF  LACTOSE. 
Jour.    Biol.   Chem.    56:   695-700.  1923. 

Sherman,  J.  Mv ,  and  Shaw,  R.  H. 

PROCESS  FOR  THE  ACCELERATION   OF  PROPIONIC  FERMENTATION. 

U.   S.   1,459.959.     U.    S.    Patent  Office  Off.   Gaz.  311:   819.  1923- 

Sherman,  J.  M„ ,  and  Shaw,  R.  H. 
PROPIONIC  ACID  AND  PROPIONATES, 

U.   S.    1,470,885.     U.   S.   Patent  Office  Off.   Gaz.  315:   521.  1923- 


Tittsler,  R.  P. 

THE  INFLUENCE  OF  HYDROGEN-ION  CONCENTRATION  ON  THE  GROWTH  OF  PROP  I  ON  I BACTER I  UM- 
Jour.    Bact.   39:   95-96.  1940. 
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Whittier,  E.  0. ,  and  Sherman,  J„  M. 

PROPIONIC  ACID  AND  KETONES  FROM  WHEY. 
Indus,  and  Engin.  Chem.   15:  729-731.  1923. 

Whittier,  E.  0. ,  Sherman,  J.  M. ,  and  Albus,  W.  R. 

THE  RATES  OF  FERMENTATION  OF  SUGARS  BY  THE  PROPIONIC  ORGANISM. 

Indus,  and  Engin.   Chem.   16:   122.  1924. 

OTHER  ACIDS 


Currie,  J.  N. ,  and  Thorn,  C. 

AN  OXALIC  ACID  PRODUCING  PENICILLIUM. 
Jour.    Biol.   Chem.   22:   287-293.  1915. 

Lockwood,  L.  B. ,  Stubbs,  J.  J.,  and  Senseman,  C.  E. 
BIOCHEMICAL  STUDIES  OF  SOME  FUSARIA. 

Zentbl.   f.   Baktc,   Parasitenk.,    I nf ekt i onskrank.     Abt.    II,   98:   167-171.  1938. 

Stodola,  F.  H. ,  Friedkin,  M. ,  Moyer,  A.  J.,  and  Coghill,  R.  D. 

ITATARTARIC  ACID,    A  METABOLIC  PRODUCT  OF  AN  U LTRA V  I  0  LET- I N DUCE D  MUTANT  OF  ASPERGI LLUS 

TERREUS. 

Jour.    Biol.   Chem.   161:   739-743.  1945, 

Stodola,  F.  Ho.  Wachtel,  J.  L. ,  Moyer,  A„  J. .  and  Coghill,  R.  D„ 

PENITRINIC  ACID,    A  NEW  PIGMENT  FROM  PENICILLIUM  NOTATUM. 
Jour.    Biol.   Chem.   159:   67-70.  1945 

PUBLICATIONS  WITH  INFORMATION  ON  MORE  THAN  ONE  ACID 

Herrick,  H.  T. 

MOLD  FERMENTATIONS. 

The  News-Letter  of  the  Princeton  Engineering  Association  10:  67-70.  1930. 

  and  May.  Ou  E. 

MOLDS  AND  CHEMICAL  MANUFACTURE. 

Indus,   and  Engin.   Chem.   21:   618-627.  1929. 

  and  May,  0  E. 

FERMENTATION   AS  A  FACTOR    IN   PRODUCING  ORGANIC  ACIDS  FOR  CHEMICAL  INDUSTRY. 

Chem.   and  Metall,   Engin.   42:   142-143.  1935. 

Lockwood,  L.  B. ,  and  Moyer,  A.  J. 

THE  PRODUCTION  OF  CHEMICALS  BY  FILAMENTONS  FUNGU 
Bot.   Rev.   4:     140-164.  1938. 
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May,  (X  E„ ,  and  Herri ck,  H„  T. 

SOME  MINOR   INDUSTRIAL  FERMENTATIONS. 

Indus,   and  Engin.   Chem„    22:   1172-1183.  1930. 
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